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(57) Abstract: Provided are an acceleration sensing motion sensor that senses acceleration caused by the movement of a moving 
object, a human being, or an animal, and generates a signal, and a method using the same. This sensor includes a first plate, first 
through fifth thin films, and a piezoelectric layer. The method includes the steps of; installing a motion sensor; sensing an acceleration 
signal and transmitting the same by wireless; receiving and recording the wirclcssly transmitted acceleration signal every hour; 
determining a basic pattern of the movement; fixing a motion sensor on a major body region of a user; recording an acceleration 
signal with respect to the movement of the user; comparing the movement of a model with the movement of the user and analyzing 
a difference between the movements; and correcting the movement or posture of the user or determining a part to be corrected. A 
thin layer is formed on each side of the polyhedral case thus detecting acceleration in all directions. 
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THE ACCELERATION SENSING MOTION SENSOR AND METHOD 

FOR SENSING THEREOF 

Technical Field 

5 The present invention relates to an acceleration sensing motion 

sensor and a method of using the same, and more particularly, to an 
acceleration sensing motion sensor (hereinafter, referred to as a 'motion 
sensor') that senses acceleration generated by the movement of a 
human body, an animal, or a moving object, and produces an 

10 acceleration signal, and a method of using the same. 

Background Art 

In general, an outer device, such an optical sensor or a closed 
circuit TV (CCTV), is required to sense'the movement of a moving object, 

15 e.g., a human body or an animal, and control or simulate the movement 
of different kinds of apparatuses, using the sensed movement. When a 
person passes through a predetermined point, the optical sensor senses 
the person's movement, sends a control signal to the CCTV, and the 
CCTV starts recording and analyzing the person's movement. However, 

20 such apparatuses are disadvantageous in that they are difficult to be 
installed and can be used only in limited places. To solve these 
problems, it is suggested that a sensor be attached directly to main parts 
of a human body. However, this method is not preferred, because the 
sensor is also difficult to be attached to a human body due to its 

25 complicated and voluminous structure. Further, the sensor is expensive, 
and it is difficult to transmit data by wireless, using the sensor. In 
addition, the operation of the sensor would often be interfered by 
magnetic fields, and the free movement of a person who wears the 
sensor is restricted due to the size and weight of the sensor. 
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Meanwhile, the use of a sensing apparatus, which generates a 
signal in response to the movement of a human body, is required in a 
device that produces music in accordance with the movement of a 
human body, using a musical instrument digital interface (MIDI) which is 

5 an International standard of exchanging data between electronic musical 
instruments. Such a sensing apparatus is also included in arcade 
game machines for executing popular arcade games that are virtual 
reality-based games, and in which the movements of game characters 
are controlled by a user's manipulation. However, the existing sensing 

10 apparatuses have the above presented disadvantages. 

Disclosure of the Invention 

To solve the above-described problems, it is a first object of the 

present invention to provide a motion sensor in a polyhedral 
15 configuration, whose shape and size can be easily adjusted to precisely 

detect an acceleration motion of a user. 

It is a second object of the present invention to provide an 

acceleration sensing method that has such a compact and simple 

structure that it can be easily fixed on a human body, its installation is 
20 not restricted by place and ambient conditions because of its capability 

of wireless data transmission, and it has such excellent sensitivity that it 

can be applied to various fields as well as the existing motion capture 

field. 

To achieve one aspect of the above objects, there is provided an 
25 acceleration sensing apparatus including a polyhedral case having a 
steel ball therein, the apparatus including a first plate forming an outer 
side of the polyhedral case, the first plate whose inside is covered with a 
conductive material connected to the outside; a first thin film positioned 
on the inside of the first plate, having a right side coated with a 
30 conductive material, and connected to the outside of the case by wire; a 
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second thin film positioned at the right side of the first thin film and 
having a hollow center; a third thin film positioned at the right side of the 
second thin film, having both sides coated with a conductive material, 
and connected to the outside of the case by wire; a fourth thin film 
5 positioned at the right side of the third thin film and having a hollow 
center; a piezoelectric thin film positioned at the inside of the first plate 
and formed of a thin piezoelectric element; and a fifth thin film positioned 
at the right side of the piezoelectric thin film and having a hollow center. 

Preferably, at least one conductive material-coated thin film group 
10 having the first through third thin films. 

Preferably, the conductive material-coated thin film group is 
arranged such that the first through third thin films overlap at least once. 

Preferably, the apparatus includes one piezoelectric thin film 
group having the piezoelectric film and the fifth thin film. 
15 Preferably, the piezoelectric device thin film group is arranged 

such that the piezoelectric film and the fifth thin film overlap at least 
once. 

Preferably, the apparatus includes one of the conductive 
material-coated thin film group and the piezoelectric device thin film that 
20 can be attached to every side of a polyhedron. 

Preferably, the hollow centers of the second, fourth, and fifth thin 
films may be of to various shapes. 

Preferably, the conductive material-coated thin film group and the 
piezoelectric device thin film group are in an on/off-state or generate 
25 electric signals like voltage when surface pressure by the movement of 
the steel ball is applied to the groups. 

Preferably, the polyhedral case may be a tetrahedron, a 
hexahedron, or an octahedron. 

Preferably, the shape of the steel ball may be spherical, oval, or 
30 polyhedral. 
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Preferably, the motion sensor comprises a mercury switch that is 
a bar-shaped tube or a polyhedral tube having at least two terminals. 

To achieve another aspect of the above objects, there is provided 
an acceleration sensing method including fixing a motion sensor on a 

5 major body region of a model; sensing an acceleration signal with 
respect to the movement of the model, using the motion sensor, and 
wirelessly transmitting the sensed acceleration signal; receiving and 
recording the wirelessly transmitted acceleration signal every hour; 
analyzing the recorded acceleration signal and determining a basic 

10 pattern of the movement of the model; fixing a motion sensor on a major 
body region of a user; receiving and recording an acceleration signal 
with respect to the movement of the user; comparing the movement of 
the model with the movement of the user and analyzing a difference 
between the movements; and determining and correcting the movement 

15 or posture of the user according to the comparison result. 

To achieve still another aspect of the above objects, there is 
provided an acceleration sensing method including fixing a motion 
sensor on a major body region of a user; sensing an acceleration signal 
with respect to the movement of the user and wirelessly transmitting the 

20 sensed acceleration signal; receiving the wirelessly transmitted 
acceleration signal, generating a musical instrument digital interface 
(MIDI) protocol corresponding to the acceleration signal, producing a 
game system play control signal, and producing an 
illuminating/electronic apparatus control signal; and producing a MIDI 

25 electronic sound, or actuating a game system, or an 
illuminating/electronic apparatus in response to the produced control 
signal. 

30 

4 
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Brief Description of the Drawings 

The above objects and advantages of the present invention will 
become more apparent by describing in detail preferred embodiments 
thereof with reference to the attached drawings in which: 
5 FIG. 1 is a view of a motion sensor according to the present 

invention; 

FIG. 2 is a view of the structure of the motion sensor shown in 

FIG. 1; 

FIG. 3 is a circuit diagram of a motion sensor according to the 
10 present invention; 

FIG. 4 illustrates the operational principles of a motion sensor 
according to the present invention; 

FIG. 5 is a view of the exterior of an acceleration sensing 
apparatus consisting of dual conductive material-coated thin film groups, 
15 in which a motion sensor is in a stop phase; 

FIG. 6 is a view of the exterior of an acceleration sensing 
apparatus consisting of dual conductive material-coated thin film groups, 
in which a regular acceleration is applied to a. motion sensor or a 
magnetic force is applied to a steel ball by a magnetic field; 
20 FIG. 7 is a view of the exterior of an acceleration sensing 

apparatus in which a greater force than in the acceleration sensing 
apparatus FIG. 6 is applied to a motion serisor; 

FIGS, 8 and 9 are views illustrating an acceleration sensing 
apparatus consisting of one piezoelectric thin film group, in which an 
25 acceleration signal is generated due to surface pressure applied onto a 
steel ball; 

FIG. 10 is a flowchart illustrating one embodiment of an 
acceleration sensing method according to the present invention, using 
the motion sensor of FIG. 1 ; and 
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FIG. 11 is a flowchart illustrating another embodiment of an 
acceleration sensing method according to the present invention, using 
the motion sensor of FIG. 1 . 



5 Best mode for carrying out the Invention 

FIG. 1 is a view of a motion sensor according to the present 
invention, and FIG. 2 is a view of the structure of the motion sensor of 
FIG. 1. 

Referring to FIG. 1, the motion sensor includes a polyhedral case 

10 A having a steel ball B therein. Here, the polyhedral case A may be of 
various shapes, e.g., a tetrahedron, a hexahedron, and an octahedron. 
As shown in FIG. 2, the inside of the polyhedral case A consists of a first 
plate C, first through fifth thin films a1, b1, a2, b2, and b3, and a 
piezoelectric film a3. 

15 The first plate C forms the right outer side of the polyhedral case 

A having the steel ball B and has an inner side coated with a conductive 
material connected with the outside. The first thin film a1, which is a 
thin film, is formed on the inside of the place C and its right side is 
coated with a conductive material connected with a downward wire. 

20 The second thin film b1, which is also a thin film, is formed at the right 
side of the first thin film a1 and has a hollow center. The third thin film 
a2, which is a thin film, is formed at the right side of the second thin film 
b1 and has both sides, each of which is coated with a conductive 
material that is connected to a downward wire. The fourth thin film b2, 

25 which is a thin film, is formed at the right side of the third thin film a2 and 
has a hollow center. The piezoelectric film a3 is a thin film piezoelectric 
device that is formed on the inside of the first plate C and generates a 
voltage signal when a surface pressure is applied thereto. The fifth thin 
film b3 is a thin film formed at the right side of the piezoelectric film a3 

30 and has a hollow center. 

6 
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These films are classified into several groups as follows: 

(a) first conductive material-coated thin film group: the first thin 

film a1, the second thin film b1, and the third thin film a2 (having its left 

side coated with a conductive material); 
5 (b) second conductive material-coated thin film group: the third 

thin film a2 (having its right side coated with a conductive material), the 

fourth thin film b2, and the first plate C; and 

(c) piezoelectric thin film group: the piezoelectric film a3, and the 

fifth thin film b3. 

10 In conclusion, as shown In FIG. 2, a motion sensor according to 

the present invention includes the polyhedral case A having the steel 
ball B therein, and having two-phase conductive material-coated thin film 
groups and one-phase piezoelectric device thin film group at its right 
side. That is, dual conductive material-coated thin film groups and one 

15 piezoelectric device thin film group are overiapped and attached to the 
right side of the polyhedral case A. However, the structure of a motion 
sensor according to the present invention is not restricted to the above 
configuration. For instance, it is possible to manufacture the motion 
sensor with at least one conductive material-coated thin film group or at 

20 least one piezoelectric thin film group. Otherwise, the motion sensor 
may be manufactured by arranging one of or both the first conductive 
material-coated thin film group and the second conductive 
material-coated thin film group. 

Meanwhile, a motion sensor according to the present invention 

25 may be replaced with a mercury switch in which mercury in a glass tube 
controls the connection or disconnection of a terminal, in the operation 
of the mercury switch, mercury moves in the glass and is connected to 
the terminal according to acceleration. The existing single tube type 
mercury switch having one terminal senses acceleration in one direction, 

30 whereas a mercury switch according to the present invention may be 
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fabricated as the single tube type mercury switch, or a polyhedral 
mercury switch tube having at least two terminals that can sense 
acceleration in all directions. 

FIG. 3 is a circuit diagram of a motion sensor according to the 
5 present invention. Referring to FIG. 3, Ni denotes a conductive 
material coated on the right side of the first thin film a1, N2 denotes a 
conductive material coated on the left side of the third thin film a2, N3 
denotes a conductive material coated on the right side of the third thin 
film a2, N4 denotes a conductive material coated on the inside of the first 

10 plate B, and Nsand Ne denote a pair of wires attached to one side of the 
piezoelectric film a3. 

FIGS. 4(a) and (b) illustrate the operational principles of a motion 
sensor according to the present invention, and more particulariy, 
components of acceleration generated when a motion sensor according 

15 to the present invention moves to a certain point. When the motion 
sensor moves with acceleration having the intensity a in the direction of 
a, a steel ball B in the polyhedral case A moves with acceleration having 
the intensity a but in the opposite direction of a, according to the law of 
action and reaction. As a result, compression surface pressure from 

20 the steel ball B is applied to the internal sides of the polyhedral case A. 
The given surface pressure is divided into rectangular components and 
perpendiculariy applied onto the respective sides of the polyhedral case 
A. The acceleration is calculated by the following equation: 

25 a = ax i + ayj Szk ... (1) 

wherein ax denotes the scalar component of the acceleration of 
vector in the i direction, which is applied along the x-axis sides of the 
polyhedral case A, ay denotes the scalar component of the acceleration 
of vector in the j direction, which is applied along the y-axis sides, and az 
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denotes the scalar component of the acceleration of vector in the k 
direction, which is applied along the z-axis sides. Here, surface 
pressure given on each side is calculated by multiplying a related 
acceleration component by the mass of the steel ball B. Accordingly, 
5 the motion sensor according to the present invention can indicate the 
movement of a moving object as a signal with acceleration signals 
sensed by the respective sides. 

FIG. 5 is a view of the exterior of an acceleration sensing 
apparatus made of a dual conductive material-coated thin film group, in 

10 which a motion sensor is in a stop motion. More specifically, in the 
acceleration sensing apparatus, the first thin film a1 does not contact the 
third thin film a2 and a switch N1-N2 is in an off state. 

FIG. 6 is a view of the exterior of an acceleration sensing 
apparatus made of a dual conductive material-coated thin film group, in 

15 which a regular acceleration is applied to a motion sensor or a magnetic 
force is applied to the steel ball B by a magnetic field. In this case, 
surface pressure corresponding to the movement of an object is 
transfen-ed from the steel ball B to the first thin film a1. As a result, the 
first thin film a1 is pressed to contact the third thin film a2, thereby 

20 causing the switch N1-N2 into an on state. 

FIG. 7 is a view of the exterior of an acceleration sensing 
apparatus made of a dual conductive material-coated thin film group, in 
which a greater acceleration than that in FIG. 6 is applied to a motion 
sensor according to the present invention. Referring to FIG. 7, two 

25 conductive material-coated thin film groups transform elastically due to 
surface pressure provided by the steel ball B, thus turning on two 
switches N1-N2 and N3-N4. 

The following Table 1 shows the operations of two hexahedron 
motion sensors, each side of which consists of a triple conductive 

30 material-coated thin film group having a three-phase switching function. 
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From the Table 1, it is noted that at a certain point of time these two 
motion sensors generate signals representing the acceleration of a 
moving object. 



[Table 1] 
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In case that an acceleration switch is made of a piezoelectric thin 
film group as shown in FIGS. 8 and 9, the piezoelectric film a3 is given 
the surface pressure of the steel ball B and generates a signal that is a 
5 voltage variation signal rather than an on/off signal. This signal 
corresponds to the Intensity of acceleration applied to a thin film group. 

FIG. 10 is a flowchart explaining one preferred embodiment of an 
acceleration sensing method according to the present invention. 
Referring to FIG. 10, for a human movement accuracy 
10 evaluation/movement analysis system (not shown), a motion sensor is 
fixed on a major body region of a model in step 100, and then, an 
acceleration signal generated by the motion sensor according to the 
movement of the model is wirelessly transmitted in step 110. After step 
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110, the wirelessly transmitted acceleration signal is received and 
recorded every hour in step 120, and then analyzed to determine a basic 
pattern of the movement of the model in step 1 30. 

If the basic pattern of the movement is determined in step 130, a 
5 motion sensor is fixed on a main body region of a user in step 140, and 
then, an acceleration signal generated by the motion sensor according 
to the movement of the user is wirelessly transmitted in step 150. 

After step 150, the wirelessly transmitted signal is received and 
recorded every hour in step 160. Next, the movement of the model is 

10 compared with that of the user in step 170, and movement/posture of the 
user to be corrected is determined based on the comparison result and 
correction thereof is carried out in step 180. After step 180, completion 
of the correction of the movement/posture of the user is checked in step 
190. Thereafter, the method proceeds to step 140 if the correction is 

15 not carried out, otherwise all the procedures are terminated. 

FIG. 1 1 is a flowchart explaining another preferred embodiment of 
an acceleration sensing method according to the present invention. 
Referring to FIG. 1 1 , a motion sensor is fixed on a major body region of 
a user in step 200, and then, an acceleration signal generated by the 

20 motion sensor according to the user's movement is wirelessly 
transmitted in step 210. Next, the wirelessly transmitted acceleration 
signal is received in step 220, and then, a musical instrument digital 
interface (MIDI) protocol corresponding to the received signal is 
generated in step 230. After step 230, a MIDI sound is produced using 

25 the MIDI protocol and a sampling sound is produced in step 240. 

If the wirelessly transmitted signal is received in step 220, a game 
system play control signal corresponding to the received signal is 
generated in step 250. Next, the related game is played in step 260. 
Otherwise, if the wirelessly transmitted signal is received in step 220, an 

30 illuminating/electronic apparatus control signal corresponding to the 
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received signal may be generated in step 270 and then, the related 
illuminating/electronic apparatus is actuated in step 280. 

Industrial Applicability 
5 In conclusion, an acceleration motion sensor and method of using 

the same according to the present invention have the following 
advantages. First, the motion sensors are fixed on body regions of a 
model and a user, acceleration caused by their movements are detected 
by the movement of the motion sensors, and the acceleration of the 

10 movements are converted into electric signals. Thus, a difference 
between the movements of the model and the user can be precisely 
sensed using a compact and light motion sensor. Secondly, the motion 
sensor is manufactured by arranging one of the respective conductive 
material-coated thin film groups and the piezoelectric thin film group at 

15 least once, thereby converting acceleration into a signal for each 
procedure. Lastly, these thin film groups are formed on each side of a 
polyhedral case, and thus, it is possible to measure acceleration in all 
directions. 

While the present invention has been particularly shown and 
20 described with reference to preferred embodiments thereof, it will be 
understood by those skilled in the art that various changes in form and 
details may be made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 
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What is claimed is: 

1. An acceleration sensing apparatus including a polyhedral 
case having a steel ball therein, the apparatus comprising: 

a first plate forming an outer side of the polyhedral case, the first 
5 plate whose inside is covered with a conductive material connected to 
the outside; 

a first thin film positioned on the inside of the first plate, having a 
right side coated with a conductive material, and connected to the 
outside of the case by wire; 
10 a second thin film positioned at the right side of the first thin film 

and having a hollow center; 

a third thin film positioned at the right side of the second thin film, 
having both sides coated with a conductive material, and connected to 
the outside of the case by wire; 
15 a fourth thin film positioned at the right side of the third thin film 

and having a hollow center; 

a piezoelectric thin film positioned at the inside of the first plate 
and formed of a thin piezoelectric element; and 

a fifth thin film positioned at the right side of the piezoelectric thin 
20 film and having a hollow center. 

2. The apparatus of claim 1 comprising at least one 
conductive material-coated thin film group having the first through third 
thin films. 

25 

3. The apparatus of claim 2, wherein the conductive 
material-coated thin film group is arranged such that the first through 
third thin films overlap at least once. 

30 4. The apparatus of claim 1 comprising one piezoelectric thin 

14 
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film group having the piezoelectric film and the fifth thin film. 

5. The apparatus of claim 4, wherein the piezoelectric device 
thin film group is arranged such that the piezoelectric film and the fifth 

5 thin film overiap at least once. 

6. The apparatus of claim 2 or 4 comprising one of the 
conductive material-coated thin film group and the piezoelectric device 
thin film that can be attached to every side of a polyhedron. 

10 

7. The apparatus of claim 1 , wherein the hollow centers of the 
second, fourth, and fifth thin films may be of to various shapes. 

8. The apparatus of claim 2 or 4, wherein the conductive 
15 material-coated thin film group and the piezoelectric device thin film 

group are in an on/off-state or generate electric signals like voltage 
when suri'ace pressure by the movement of the steel ball is applied to 
the groups. 

20 9. The apparatus of claim 1 , wherein the polyhedral case may 

be a tetrahedron, a hexahedron, or an octahedron. 

10. The apparatus of claim 1, wherein the shape of the steel 
ball may be spherical, oval, or polyhedral. 

25 

11. The apparatus of claim 1, wherein the motion sensor 
comprises a mercury switch that is a bar-shaped tube or a polyhedral 
tube having at least two terminals. 

30 12. An acceleration sensing method comprising: 

15 
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fixing a motion sensor on a major body region of a model; 

sensing an acceleration signal with respect to the movement of 
the model, using the motion sensor, and wirelessly transmitting the 
sensed acceleration signal; 
5 receiving and recording the vi^irelessly transmitted acceleration 

signal every hour; 

analyzing the recorded acceleration signal and determining a 
basic pattern of the movement of the model; 

fixing a motion sensor on a major body region of a user; 
10 receiving and recording an acceleration signal with respect to the 

movement of the user; 

comparing the movement of the model with the movement of the 
user and analyzing a difference between the movements; and 

determining and correcting the movement or posture of the user 
15 according to the comparison result. 

13. An acceleration sensing method comprising: 
fixing a motion sensor on a major body region of a user; 
sensing an acceleration signal with respect to the movement of 
20 the user and wirelessly transmitting the sensed acceleration signal; 

receiving the wirelessly transmitted acceleration signal, 
generating a musical instrument digital interface (MIDI) protocol 
corresponding to the acceleration signal, producing a game system play 
control signal, and producing an illuminating/electronic apparatus control 
25 signal; and 

producing a MIDI electronic sound, or actuating a game system, 
or an illuminating/electronic apparatus in response to the produced 
control signal. 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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